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Growing concerns about environmental pollution from nitrate 
contamination of groundwater resulting from crop production have renewed the 
interests of farmers and researchers in the use of organic fertilizers, especially 
nitrogen fertilizers that are both efficient and safe for the environment. 
Consequently, one of the main objectives of agricultural production today, 
particularly that of the movement of sustainable agriculture, is how to meet the 
growing demands of the present population, and for the future, while preserving 
the integrity of the environment. 
Nitrogen is a macronutrient that has to be applied as a fertilizer because 
agricultural soils usually lack sufficient concentrations of available N for 
maximum productivity; thus, it is the most commonly applied fertilizer to U.S. 
cropland. In 1992 a total of 10.3 million metric tons was applied; this averages 
83 kg N for every hectare of cropland (Pepper et al., 1996). Across the 
Midwestern corn-belt, agricultural applications of fertilizers (and pesticides) 
have more than doubled since the mid-1960s, with agriculture production 
moving from a labor-intensive to a chemical-intensive enterprise (Moshiri, 1993). 
Over the years, in an effort to optimize yields and maximize profits, N and 
other fertilizers have been used in excess of plant needs, resulting in degradation 
of soils, pollution of water sources, and a general deterioration of the 
environment. The nitrate concentrations of groundwater in most areas have 
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generally increased during the past decades and the widespread use of 
commercial N fertilizers has been implicated as a causative factor. 
Before 1850 virtually all fertilizer N used in the US was in the form of 
natural organic material, primarily animal manure and legumes (Tisdale, 1993). 
Infact, the use of animal manures and legumes as nutrient sources can be dated 
back to more than 42 centuries (Brady, 1990). Animal wastes can make 
substantial contribution of N and other plant nutrients when applied to soils, 
and the potential nutrient contribution from manure is very high in some 
regions. Proper management handling, however, is essential for its efficient use 
(Pesek et al., 1989). 
By-products from biotechnology industries present a new challenge for 
government and researchers alike. Large quantities of by-products are 
generated annually in the USA. Currently, most of these are being disposed in 
municipal waste treatment systems or landfills, with a small fraction being used 
as animal feed (USDA, 1978). Other industrial by-products, such as cement kiln 
dust and calcium hydroxide, are used partly as lime substitute for soil 
treatment; the remainder is stockpiled or land filled on-site. 
As quantities of food processing by-products increase and regulations for 
handling and disposing becomes more stringent, land application is becoming 
the most economical and efficient means of disposal for by-products that are not 
utilized as feed and nonagricultural industrial uses. Environmentally sound 
management of N and P in organic wastes has become an issue of global 
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importance. Nitrogen fertilizers are at the center of a very sharp controversy 
between the need to maintain the food supply and that of environmental 
protection. 
In an effort to move away from synthetic fertilizers and other agricultural 
chemicals, industrial by-products and a variety of wastes, ranging from animal 
waste to sewage sludges, are applied to agricultural lands as waste disposal 
sites. Because of their low nutrient values, these materials are applied in large 
quantities, which often result in significant excess of crops' needs; thus, the 
problems associated with environmental degradation continues. There is little 
documented research on the use of these by-products from biotechnology, or 
other industries, as fertilizers in agronomic practices. Research at Iowa state 
University within the past decade showed that some of these by-products have 
potential as soil amendments and nutrient sources for plant growth. In 
addition, unlike other waste materials, such as animal manures and sewage 
sludges, which contain relatively high concentration of metals, the biotechnology 
by-products contain only traces of metals (Zhu et al., 1995). 
With the present concerns over environmental protection, food safety and 
human health across the board - government, research, and consumers - there 
is a great and urgent need to address the problems facing the agricultural 
application of by-products in a safe, and efficient manner, to meet the demand of 
plant needs without adversely affecting the environment. Furthermore, the 
pressing need to solve the problems of biotechnology by-products disposal, which 
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have low nutrient values, presents an urgent need to develop processes whereby 
these by-products can be utilized. Therefore, the objectives of this study were: 
(1) to formulate potentially economical, environmentally safe nutrient-enriched 
organic fertilizers containing biotechnology-by products, and (2) assess the 





Nitrogen occurs in soils as organic and inorganic N forms and; in general, 
about 95% of the total Nin soils of the temperate regions occurs as organic N. 
The decomposition of organic matter converts organic N into mineral N; the term 
applied to ammonium (NH4+), nitrite (N02·), nitrate (NQ3·). In soils, the N 
contents range from< 0.02% in subsoils to> 2.5% in peat. The N concentration 
in the top 1 ft of most cultivated soils in the United States normally varies 
between 0.03 and 0.4%. In terms of soil fertility for crop production, NH4+ and 
and NQ3· are the most important forms of N; usually, they represent 2 to 5% of 
the total N in most surface soils, and are produced from aerobic and anaerobic 
decomposition of soil organic matter or from the additions of N fertilizers. 
The organic portion of the soil N consists of proteins - 20 tO 40%, amino 
sugars, such as hexosamines - 5 to 10 %, purine and pyrimidine derivatives -
1 % or less, and complex unidentified compounds formed by reaction of 
ammonium with lignin, polymerization of quinines with N compounds and 
condensation of sugars and amines. Some of the organic N is also present as 
clay-humus complexes, which are resistant to decomposition; hence the reason 
only a small portion of immobilized fertilizer becomes available for growing crops 
(Prasad and Power, 1997). 
6 
Inorganic Nitrogen 
Plants absorb N as both NH4+ and NQ3·. Nitrate generally occurs in 
higher concentrations than NH4+, and moves more freely by mass flow and 
diffusion to the roots. Some NH4+ is always present, and the manner in which it 
influences plant growth and metabolism is not completely understood (Tisdale, 
1993). Nitrogen from most commonly applied inorganic fertilizers such as 
ammonia, ammonium nitrate, ammonium phosphate, ammonium sulfate, 
calcium nitrate, nitric phosphate, potassium nitrate, and sodium nitrate, quickly 
becomes part of the soil solution or cation-exchange complex upon application. 
These fertilizers, individually or in combination, comprise nearly all the 
inorganic N sources utilized in large quantities as fertilizer. These N fertilizers, 
when applied in the plant root zones become available immediately after 
application, except when added to extremely dry soils (Bartholomew, 1965.). 
Plants absorb N whenever they are actively growing, but not always at the same 
rate. The rate at which growing plants take up N usually exceeds the rate at 
which N is mineralized from soil organic matter. The amount of N absorbed per 
day per unit of plant weight is at maximum when the plants are young and 
gradually declines with age; consequently, N constitutes a larger percentage of 
dry weight of younger plants than older plants (Thompson, 1978). 
To meet the requirement for plant growth and development, several 
sources of N are used. These include synthetic fertilizers, animal manures, 
plant residues, and other organic wastes, such as sewage sludges and industrial 
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by-products from biotechnology industries. Mineral N forms usually are 
assumed when the words synthetic fertilizer is used. They are usually less 
expensive, more concentrated, and easily hauled and spread; also, more 
available to the plants than the organic forms. Most of the early forms of 
inorganic N fertilizers in the United States was sodium nitrate (NaNOa), which 
was imported from Chile. It is a naturally occurring material containing only 
16% N, and must be shipped a long distance. The shipping cost detracts from its 
value. In addition, the repeated use of NaNOa, which upon application causes 
sodic soils, is another disadvantage in using NaNOa as a fertilizer. 
The development of commercial methods of N fixation from the air was 
introduced and calcium cyanamide (CaCN2), the first of its kind, by reacting N 
gas with calcium carbide at a high temperature. Pure calcium cyanamide 
contains 35 % N, but after a number of years, it was replaced by anhydrous NHa 
and ammonium-producing fertilizers. 
Anhydrous NHa is now one of the most used N fertilizers because it is one 
of the less expensive and most concentrated forms of combined N available on 
the market. Ammonia production, however, requires special equipments and 
handling techniques. It is produced by the Haber-Bosh process; by direct 
reaction of N2 and H2. A mixture of these two gases is subjected to a pressure 
range of 150 to 1, 000 atm and a temperature of about 500°C in the presence of 
an Fe catalyst. In this process, about one-fourth of each N2 and H2 is converted 
to NHa, which is liquefied and removed. The remaining N2 and H2 are recycled 
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and eventually converted to NHa. Most of the H2 for the process is derived from 
natural gas (Thompson and Troeh, 1978). Anhydrous NHa contains 82% of N, 
and N compounds are made from NHa 
In the United States, non-pressurized N fertilizers are the most widely 
used N fertilizers next to anhydrous NHa. These are comprised mainly of urea 
and ammonium nitrate dissolved in water; and contains 28-32% N. These are 
safer to handle than anhydrous NHa and easily applied to soils. 
Urea (an organic compound synthesized from inorganic substances) 
production began in the USA in 1932, and it is now the principle form of dry N 
fertilizer used in the United States (Tisdale et al, 1993). The use of urea is 
increasing worldwide - it is the most extensively used N carrier. Urea contains 
about 45% nitrogen and readily undergoes hydrolysis in the soil producing 
ammonium carbonate. 
CO(NH2)2 + 2H20 ~ (NH4)2COa 
Thus, urea application produces NH4+, which, in turned, is converted to 
NOa· under aerobic conditions. Synthetic urea can be formed by reacting NHa 
with C02. 
2NHa + C02~ (NH2)2CO + H20 
Ammonium nitrate (NH4NOa) in its pure form contains 35% N, but 
impurities reduce it to 33-34% N; it is one of the most popular forms of solid N 
fertilizer. Nitrogen solutions, which are also widely used, are usually produced 
from urea, NH4NOa, and water. These are referred to as urea-ammonium 
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nitrate (UAN) solutions. The use of UAN results in rapid plant growth and 
development, because N solutions can be applied more uniformly and accurately 
than solid N sources. In addition, there are many advantages in the use of N 
solutions. These include compatibility with many pesticides, lower cost of 
production than most solid N sources, and they can be applied through various 
types of irrigation systems (Tisdale et al., 1993). 
The use of synthetic fertilizers has no doubt increased crop production in 
both the horticultural and agronomic areas. Nitrogen fertilizers make possible 
continuous production of major crops such as corn (Zea mays L.) and wheat 
(Triticum sp.); decrease dependence on animal manures and leguminous N 
fixation for row crop production. However, there are setbacks. Heavy use of N 
and some other fertilizers can lead to acidification, and offsite environmental 
problems. Nitrogen fertilizers are often over-applied; consequently, the total 
amount of nutrient available to the crops not only exceeds need or the ability of 
the plants to absorb and assimilate the N, but exceeds the economic optimum as 
well. Unused N fertilizer can be immobilized, denitrified, washed into surface 
water systems, or leached to the subsoil and ultimately to the groundwater 
(Pesek et al., 1989). Nitrate concentrations of groundwater have generally 
increased during recent decades, and the widespread use of commercial N 
fertilizer has been implicated as a causative factor. 
10 
Organic Nitrogen 
Before 1950 virtually all N fertilizer consumed in the USA was in natural 
organic materials, mainly animal manure and legume N. In 1993, Tisdale 
estimated that these materials accounted for< 0.1 % of the total Nuse in the 
USA, but with current emphasis on the use of animal manure, especially swine 
manure, this estimate could be somewhat> 0.1 %. Studies has shown that all 
other factors being equal, soils that receive nutrients from manure or legumes 
tend to have greater concentrations of organic carbon and overall organic matter. 
Organic matter is known to improve soil quality, by increasing soil structure, 
water infiltration, nutrient content, soil biological activities, and soil fertility and 
consequently, productivity (Pesek et al., 1989). Organic matter also aids in the 
incorporation of organic phosphorous (P) release from phosphate rocks (PR) into 
the organic pool of P; thereby, offering an additional route for the release of P 
from PR for eventual plant uptake through mineralization (Stewart, 1991). 
Animal manures 
Animal manures (and other food processing organic by-products) are the 
oldest resources that are land applied to recycle nutrients, having been applied 
to agricultural lands for centuries. About 1.2 billion wet tons of animal manures 
are excreted by livestock and poultry in the 50 states and Puerto Rico annually. 
This represents about 175 million dry tons (USDA, 1978). In the US, confined 
animal agriculture - beef cattle, dairy, poultry and swine - are the major sources 
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of animal manure by-products. Annually, the beef cattle industry generates 
about 27 million tons of solid by-products, dairy industry 21 million tons, poultry 
producers 14 million tons, and swine 16 million tons. This represents 
approximately 8.3 million tons of N, 25 million tons of P, as compared with 10 
million tons of N and 1.8 million tons of P applied to agricultural lands in the 
form of commercial fertilizers (Edwards and Someshwar, 2000). Although 
animal manures have been used in agronomic practices for thousands of years, 
and their fertility attributes widely recognized, the use of animal manures 
world-wide has become problematic in the past 25 years because of the 
concentration of livestock production in limited geographical regions and spatial 
separation of crops and livestock productions systems. Environmental quality is 
the main concern due to the leaching and runoff of NOs·-N and P from confined 
animal facilities. Leaching of NOs·-N from manure application to ground water is 
a health concern. NOs·-N concentrations in areas of high concentrations of 
animal production units have been found to exceed the EPA drinking water limit 
of 10 mg L-1. 
Legumes as sources of nitrogen 
Another source of N to agricultural crops before the advent of, and 
rampant use of synthetic fertilizers, were legumes. Rhizobium species of 
bacteria living in symbiotic relationships with root nodules of legumes are 
capable of converting atmospheric N2 to NIL; which is then utilized by the 
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legumes to form amino acids and proteins (Prasad and Power, 1997). Legumes 
are an effective and usually profitable way to supply N to crops; leguminous N is 
consistently released throughout the growing season when temperatures are 
high enough to permit microbial decomposition of crop residues. The overall 
contribution of legumes as sources of N, however, depends on the management 
practices and climatic conditions. For example, forage legumes are most 
effective in humid and sub-humid regions, whereas in regions with< 50 cm of 
rain annually, deep-rooted, non-irrigated legumes may exhaust subsoil moisture 
and result in decreased corn yields the following year. Another problem is that 
the amount of N supplied to soil by legumes is highly variable; different species 
and cultivars of legumes fix different amount of atmospheric N (Miesenbach, 
1983). It is important to note that high levels of available Nin soils, from N 
mineralization or from added fertilizer, depress biological N fixation. 
Apparently, the symbiotic N fixation only occurs when N is needed by crops 
(Brady, 1990). 
The use of legumes as N sources is not without environmental problems. 
Although few measurements have been made on the contributions of legumes to 
groundwater contamination by NOa·-N, it has been shown that management 
practices also affects the amount of legume-fixed N that drains to groundwater. 
As cited by Pesek et al. (1989), results of an unpublished Minnesota experiment 
showed that over four years, continuous cropping of soybean contributed two-
thirds as much NOa·to groundwater. In Michigan, a similar experiment found 
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that more than twice the concentration of NOa· below crop root systems when 
alfalfa was incorporated into soils than when corn was grown in irrigated or non-
irrigated fields. Few measurements have been made of the contribution of 
legumes to groundwater contamination, or if necessary, how to manage it 
(Pesek, et al, 1989). 
Organic Farming 
In recent years, the demand for foods grown on soil fertilized only by 
natural organic material has been growing. This demand is met by farmers who 
are involved in organic farming. Organic farming where crop production is 
concerned is a production system that seeks to avoid, or largely avoids, the use of 
synthetically fertilizers, pesticides, growth regulators, and livestock feed 
additives. To the maximum extent feasible, such a system endeavors to rely 
upon crop rotations; applications of crop residues, animal manures, off-farm 
organic waste; mechanical cultivation, mineral-bearing rocks, and biological pest 
control methods, to maintain soil productivity and to supply plant nutrient 
(USDA, 1980). Many studies have been conducted to compare organic farming 
with the conventional method. Drinkwater et al (1995) studied the fundamental 
differences between conventional and organically grown tomatoes on an agro-
ecosystems in California, which is the prime tomato production region in the US. 
They documented higher pH, organic C and N, N mineralization potential, and 
acetinomycetes abundance and diversity in organically managed fields as 
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compared with those managed conventionally. Thy also found that the incidence 
of the disease corky root, which was most prevalent in both management 
systems, was much lower in organic than conventional fields. Reganold (1988) 
compared organic farming systems with conventional systems on soils with 
similar properties, such that all soil-forming factors, except management 
practices were equal. He reported greater concentrations of organic C and N and 
cation-exchange capacity, more abundant and active micorflora, better structure 
and consistence for crop root growth, and thicker topsoil in the organic farming 
system than in the conventionally managed soils. 
Several studies have been conducted to compare different types of organic 
farming systems. Capenter-Boggs et al (2000) determined, among other 
parameters, whether biodynamic soil management affected soil abiotic mass and 
activity, and compared whether effects ofbiodynamic farming differed from that 
of regular organic soil management. Biodynamic farming is unique organic 
farming system that utilizes fermented herbal preparations as compost additives 
and field sprays, in addition to the conventional organic farming method. The 
experiments were conducted on farm sites maintained by the USDA-ARS and 
the Spillman Research Farm maintained by the department of Crop and Science, 
Washington State University. In a randomized complete block design, they used 
eight treatments (replicated four times) - four fertilizers and two spray 
treatments, biodynamic compost and non-biodynamic compost, mineral N-P-K as 
fertility treatments with and without biodynamic fields. Test was done on a 
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barely-lentil-wheat rotation that was present on the study sites prior to and 
during the experiment. Results showed that both biodynamic and non-
biodynamic material increased soil microbial activity, worm population and 
biomass, and no significant difference between soils fertilized with biodynamic 
vs non-biodynamic preparations. There were, however, significant differences 
between soils that had received compost additions and those that did not. Their 
results support earlier findings that organic fertilization rapidly benefits soil 
microbial biomass and activities; consequently, leading to higher soil quality. 
Although most of the materials used in organic farming are from manure 
and crop residues, some commercially available organic materials have been 
recently introduced on the market. In 1987, about 200,000 tons of the so-called 
"natural organic" fertilizer was sold in the United States. These materials are 
usually made of poultry and cow manures, peat of various kinds, mixtures of 
peat and manure, composted organic residues and dried domestic wastes. 
Ground dried bone meal, dried blood, oil seed meals, fish tankage and other food 
processing wastes may be included (Brady, 1990). 
Biotechnology By-products 
Biotechnology by-products, materials produced along with the primary 
products of agribusiness, are other important sources of nutrients used in 
agronomic practices. There has not been, however, much research done on the 
use of biotechnology by-products as plant nutrients. The biotechnology 
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industries generate large amounts of by-products annually that can be used both 
as soil amendments and as sources of nutrients for plant growth (Karmarkar 
and Tabatabai, 1991; Martinez and Tabatabai, 1997). Many biotechnology 
industries in Iowa produce byproducts resulting from fermentation processes 
that use selected or genetically modified microorganisms that synthesize specific 
i.in amino acids. Also, these industries are involved in 
, enzymes, peptides, lysine, glutamate, citric acids, and 
1, soybean, sugar beets, and other agricultural crops. 
;ed, include fermentation waste or process treatment 
.ection or purification and the remains of 
forms depend on the type of raw material and the nature 
·ed. These by-products may be in the form of slurry, 
(Zhu et al., 1995). 
biotechnology by-products (precoat, mycellium, slops, 
neal, fermentation solubles -lysine and glutamate, and 
iass) has shown that they do not contain significant 
metals (Zhu et al., 1995, ). Studies by Zhu et al. (1995) 
f seven biotechnology by-products as N sources for corn 
~face soils (0-15 cm) [Monona, Clarion, and Downs soils]. 
The studies involved a greenhouse experiment that included an 8 x 3 x 7 
randomized complete block design with eight N sources (the seven by-products 
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and UAN), eight rates of the N sources were used (O, 50, 100, 150, 200, 300, 500, 
500 mg N kg-1 soil). After 34 days of growth, corn tops were cut at soil level, 
dried at 65°C for 4 days, ground, and analyzed for total N, P, and K. The 
percentage of by-product N or UAN recovered by the plants was determined by 
the difference method [(A-B)/C] x 100, where A is N (mg) taken by plant that 
received N; B is N (mg) taken by plants from control pots and C total N (mg) 
applied. The chemical analysis of the corn tops showed that those by-products 
are potential sources of N for corn production. Two of the biotechnology by-
products tested by Zhu et al. (1995) were hydrolyzed soybean meal, which was 
very acidic, and a fermentation soluble, which contained high concentrations of 
NH4+. They also reported that addition of those by-products decreased soil pH 
with increasing application rates. Other studies showed that the uptake of N 
from biotechnology by-products is affected by soil pH (Fahad, and 
Tabatabai,1999), and that several by-products are sources of P for corn (Sutarta, 
and Tabatabai, 1998). 
In an other work, Martinez and Tabatabai (1997) studied the 
decomposition of 10 biotechnology by-products, including those evaluated by 
Tabatabai and Zhu (1995) as sources of N for plants, in three Iowa surface soils 
[Weller, Pershing, and Grundy soils]. This experiment involved incubating the 
soils with the by-products (9 mg organic C kg·1 soil) for 30 days at room 
temperature (20 + 2). The apparatus was set up in such a way that the evolved 
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C02 was trapped in a standard KOH and the remaining KOH was determined 
by titration with standard H2S04 after treatment with BaCb to precipitate the 
carbonate as BaCOs. They found that a significant amount of organic C in the 
by-products was decomposed in the soils with half-lives of the more resistant 
pools being <70 d. Some the half-lives of the organic C pool ranged from 120 to 
240 d. Overall, the rate of decomposition of the by-products applied to soils and 
their potential as sources of plant nutrients, make them valuable soil 
amendments. Because of the low N concentrations in the biotechnology by-
products, however, such materials have to be applied in large quantities to soils. 
US industries produce millions of tons of by-products yearly, both in solid 
and liquid forms, most of which are currently placed in landfills but landfill 
capacity is decreasing and disposal costs are rapidly increasing. Some 
alternative uses have been found for a small fraction of these materials, such as 
animal feed, and small-scale land application, but most industrial by-products 
are stockpiled at the site where they are generated. (USDA, 1979). The 
utilization of these by-product materials provides governments and researches 
challenges and also opportunities for US agriculture. 
In the past, farmers embracing organic farming, and low input farming 
(gardening), have used manures and organic wastes in excess of plant needs. 
Although these practices avoid the use of synthetic fertilizers and pesticides, 
they continued to have adverse effect on the environment. Between 50-70% of 
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all nutrients reaching surface waters, principally N and P, originate on 
agricultural lands in the form of fertilizers or animal wastes (Pesek, 1989). 
Research has indicated that chemical transport following long-term application 
of manures at or above the maximum recommended rates for an area has 
potential for contamination of soil and water with NOa· and P043·· Besides, 
application of by-products at rates exceeding crop needs for nutrients lead to 
diminished crop productivity because of their contributions to soluble salts and 
ammonium which interfere with seed germination, plant growth and water 
absorption (Baker et al, 2000). 
Very little research, if any, in the past have been done to successfully 
address the over application of manures and organic waste. (Cooperband, 2000) 
indicated that issues associated with nonpoint source pollution from by -products 
have not been fully addressed. Research is needed to find ways to make efficient 
use of manures and biotechnology by-products that will benefit plant growth and 
development, increase crop productivity and at the same tine maintain the 
integrity of the environment towards a sustainable agriculture. This is of global 
importance. Perhaps the most pressing need at this time is the identification of 
the quantities and representative analysis for the various kinds of industrial and 
biotechnology by-products, including organic wastes (USDA, 1979). 
As Jaynes et al. (2000) indicated, the relationships between N fertilizers 
rate, yield, and NOa- leaching need to be quantified to develop soil and crop 
management practices that are economically and environmentally sustainable. 
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The world is moving towards a sustainable agriculture system that mandates 
safe and economical methods of supplying nutrients for crop productivity. 
Organic fertilizers that are formulated to sustain plant growth and 
simultaneously reduce or prevent groundwater contamination are needed. The 
formulation of nutrient-enriched organic fertilizers with biotechnology by-
products for use as fertilizers that will meet crop nutrient needs will help solve 
the problems that are facing biotechnology companies in Iowa and across the 
nation. Such success will revolutionize organic farming; help solve many 
environmental problems associated with the use of synthetic fertilizers and 
potentially be economically beneficial to farmers, governments, and consumers 
in the long-term. Therefore, the work reported in this thesis should aid in 
initiating such concepts and formulation of organic fertilizers derived from 
biotechnology by-products. 
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MATERIALS AND METHODS 
The Biotechnology By-products Used 
In this study, 18 biotechnology by-products and chicken manure were 
used. The sources and properties of the biotechnology by-products are listed in 
Tables 1 and 2. 
Preparation of Nutrient-Enriched Mixtures 
More than 50 different mixtures were prepared and allowed to air dry at 
room temperature (22 ± 2 °C) and their colors, odors, texture, and moisture 
contents were tested after drying, generally within one week. The composition 
and some observations related to the properties mention above for 18 such 
mixtures are shown in Table 3. Over time, many different mixtures were 
prepared to contain several of the desired chemical and physical properties. 
After that, 30 different N-enriched mixtures were prepared, allowed to dry 
somewhat (2 days at room temperature) and incubated for 14 days at 30°C to 
immobilize the N added. The N added was in the form of urea or ammoniun 
nitrate. The mixtures then allowed to dry at room temperature (22 ± 2°C) for 4 
days, ground to pass a 80-mesh sieve (180 µm) and analyzed for organic C, total 
N, NH4+-N, and NOa·-N (Table 4). 
From the list of 30 mixtures described above, the best five mixtures were 
selected for further studies based on the blending abilities such that when the 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3. First set of trial mixtures from biotechnology by-products 
By-product wt(g); volume (ml) Observation 
FSL 20 Sticky paste, and moist 
FSG 20 
Chicken Manure 5 
FSL 20 Slightly sticky; slightly elastic and 
HSOM 5 smooth texture. 
Slops 20 
FSG 20 Sticky and plastic-like 
FSL 20 Consistency 
CSA 5 
Chicken 20 Very moist and gummy (glue texture) 
SMB 
FSL 20 




Chicken Manure 5 Properly dried, crumbles easily when 
Ca(OH) 5 manipulated 
Kiln dust 5 
Slops 40 
Chicken manure 5 Properly dried (air dried); crumbled 
Kiln dust 5 structure; easy to break apart 
Slops 40 
Kiln dust 5 Does not break apart easily; cemented; 
HSOM 5 very dry 
FSG 40 
Chicken manure 5 Very dry; breaks apart easily when 
Ca(OHh 5 manipulated 
HSOM 5 
Slops 40 
Ca(OH) 5 Does not break apart easily; cemented. 
HSOM 5 
FSG 40 

















































































Dried; firm but breaks when 
manipulated 
Very firm; breaks under stress 
Breaks apart easily, slightly moist. 
Dry and pliable; smooth. 
Very firm; very cemented; not easily 
broken apart 
Very firm and cemented; not easily 
broken apart 
Very firm; cemented; not easily broken 
Extremely firm and cemented; smooth; 
breaks under pressure 
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Table 4. Original 30 mixtures prepared and their properties 
Total Total Organic 
Sample ID Content c N NH4-N N03-N N pH 
% 
































Table 4. (Continued) 
Total Total Organic 
Sample ID Content c N NH4-N N03-N N pH 
% 
































Table 4. (continued) 
Total Total Organic 
Sample ID Content c N NH4-N N03-N N pH 
% 
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Table 4. (continued) 
Total Total Organic 
Sample ID Content c N NH4-N N03-N N pH 
% 































Table 4. (continued) 
Total Total Organic 
Sample ID Content c N NH4-N N03-N N pH 
% 































Table 4. (continued) 
Total Total Organic 
Sample ID Content c N NH4-N N03-N N pH 
% 













a All liquids or solids= 180 grams or mis; (NH2hCO = 108 g; 
NH4N03 = 144g 
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environmentally acceptable colors, odors, and textures. Because the selected five 
mixtures were highly acidic, I conducted experiment to amend the mixtures with 
one of two liming materials- kiln dust and Ca(OH)2 at four different rates (1, 2, 
3, or 4 g) per mixture in other to enhance their pH. After two weeks of 
incubation at 30°C, the pH was measured with a combination glass electrode and 
the 3 grate was selected. Because the odors of mixtures containing kiln dust 
were not as acceptable as those prepared containing Ca(OH)2, those mixtures 
were not used in the greenhouse experiment. 
Selected chemical properties of the biotechnology by-products used for 
preparing the five mixtures are shown in Table 5. The selected biotechnology 
by-products were used to prepare about 1 kg of the desired mixtures. The 
mixtures were dried at room temperature, mixed and, when needed, portions 
were ground for determination total C, total N, NH4+-N, NOa·-N, and pH. 
Organic N was calculated by subtracting total inorganic N from the total N. 
Water content was determined from weight loss after drying at 65°C for 48 h 
In all the analyses reported in Tables 4-6, total C and N was determined 
by a CHN-2000 analyzer (LECO Corp., St. Joseph, MI), .NH4+-N and NOa·-N by 
steam distillation (Keeney and Nelson, 1982), pH (1:2.5; material: water ratio) 
by a combination electrode, total P by the Murphy-Riley method (1962) after 
digestion with HNOa and HClQ4, and SQ42·_N by ion-suppressed ion 



























































































































































































































































































Table 6. Composition and properties of the five mixtures used in the 
greenhouse study 
Mixture Moisture Total Total Organic 
No.a Content content c N NH4-N N03-N N pH 
% 


























Table 6. (continued) 
Mixture 
No.a Content 












NH4-N N03-N N 
------%-------
13.9 24 9.2 0.3 0.1 8.8 
pH 
7.8 
a All liquids or solids =180 grams or mls; (NH2) 2CO =108 g; NH4N03 =144 g; 
Ca(OH)z = 72g 
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Soils 
Three surface (0-15 cm) soils - Clarion, Grundy, and Webster- were used 
in this study. The Grundy soil was collected at the Iowa State University Farm 
in Lucas County, Iowa; Clarion and Webster soils at the Iowa State University 
Farm, in Section 9, Colfax Township, Boone County, Iowa. All soils were under 
grass, which had not been cultivated for more than three years. The moist soil 
samples were ground with an electric powered shredder (Lindig Manufacturing 
Corp., St Paul, MN) fitted with a 1.5-cm screen; sifted again with a small wooden 
hand-made sieve fitted with 1 cm screen. The soils were placed in containers 
lined with polythene bags and stored in the Agronomy greenhouse at room 
temperature (23 ± 2°C). A sub-sample, approximately 1 kilogram of each soil 
series was taken for laboratory analyses. These were air-dried and one portion 
was ground to pass through a 2-mm screen; the other portion ground to pass 
through an 80-mesh (180 µm) sieve. 
The soils and their properties are presented in Table 7. The pH values 
were determined with a combination glass electrode using 1: 2.5 ratio (soil: 
water or 0.01 M CaCh) before and after the greenhouse experiment was 
completed. Total N was determined by a semi-micro Kjeldahl method (Bremmer 
and Malvaney, 1982), total C by a LECO CHN-2000 analyzer, and particle-size 
distribution by a pipette method (Kilmar and Alexander, 1949). All analyses 



































































































































































































































































were determined on the < 80-mesh samples. The soils moisture contents were 
determined from weight loss after oven drying 105°C for 48 h 
Greenhouse Experiment 
The experimental design used in this study was a 6x5x3 factorial, with 
five biotechnology by-product mixtures plus UAN, at five rates using three soils. 
The layout of the experiment was a randomized complete block design with three 
replicates. One kilogram of soil, on an oven-dry basis, was mixed thoroughly on a 
plastic sheet with 0.800 g Ca(H2P04)2, 5 mg of Fe as Fe-EDTA, and 5 mL of a 
nutrient solution containing: K, Mg, Mn, Zn, Cu, B and S as recommended by 
Allen et al. (Table 9). The biotechnology by-products (as N sources) were then 
applied at a rate of 0, 100, 200, 300, 400, or 500 mg N kg-1 soil. The rates and 
corresponding amounts of the biotechnology by-product mixtures used are 
presented in Table 10. Soil and nutrients were thoroughly mixed and placed in 
plastic pots (11.5 cm deep by 11 cm in diameter) lined with double polyethylene 
bags to avoid free drainage. Pots were labeled with sticks according to the 
treatments. Three controls (without N) were included for each soil. After 
potting, the soils were covered with the polythene bags to prevent evaporation 
and placed on benches in the greenhouse based on the result of randomization. 
Results of dry matter yields and yields of N obtained for the three soils treated 
with an N-enriched mixture were compared with those obtained for soils treated 
with the same rates of N as UAN. 
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Table 8. Nutrients used in greenhouse experiment 
Amount applied 
Nutrient Element Compound (mg pot-1) 
K K2804 312.2 
p Ca(H2P04)2 a 631.3 
s 8042· 207.2 
Mg Mg8Q4.7H20 47.7 
Fe Fe804.7H20 23.9 
Mn Mn804.H20 11.4 
Zn Zn804.7H20 17.6 
Cu Cu804.5H20 5.1 
B Na2B401. lOH20 4.6 
a Added as solids. All others were added in solutions. 
Table 9. Mixtures and quantities applied 
N rates applied 
Mixture IDa 100 200 300 400 500 
g/pot 
M-1 0.893 1.786 2.679 3.572 4.465 
M-2 1.031 2.062 3.093 4.124 5.155 
M-3 0.641 1.282 1.923 2.564 3.205 
M-4 1.136 2.272 3.408 4.544 5.68 
M-5 1.266 2.532 3.798 5.064 6.33 
UAN 3.57 7.14 10.71 14.28 17.85 
aM=Mixture 
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One day after preparing the pots, all pots were seeded with pioneer hybrid 
corn seeds #36D14 (four seeds per pot) at 2.5 cm below surface and covered 
again. The pots were uncovered four days after seeding. The pots were watered 
with deionized water to maintain 0.03 MPa (determined from the water 
characteristic curve for each soil). Pots were randomly selected each day and 
weighed; the water content was adjusted by adding deionized water 
(approximately 100 - 200 mL pot-1). 
Supplemental lighting was provided by overhead lights to provide an 
additional 1250 µE/m2/s oflights for 14 h day-1. The minimum and maximum 
temperatures were recorded daily. The maximum temperature ranged from 31-
410C; and the minimum ranged from 23-29°C. 
At 40 days after germination, the top portions of the corn plants were 
harvested by cutting the plants at soil surface. The soil from each pot was 
removed, sieved to remove the roots, and stored at 4°C for determination of the 
pH values. 
The harvested plant samples were placed in properly labeled paper bags, 
dried at approximately 65°C in a dryer at the Agronomy research farm in Boone 
County for five days. The dried samples were weighed and ground in a Wiley 
mill to pass through a 3.2-mm screen. The dried sieved samples were 
thoroughly mixed and stored at room temperature. 
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Plant Analysis 
Total N of the plant samples was determined by the method of Nelson and 
Sommers (1973). In this method, 100 mg of sample was treated with 4 mL of 
acid mixture (5 g salicylic acid per 200 mL of H2S04) in a digestion tube then 
allowed to stand at 25°C for 2 h before addition 0.5 g of NasSg0s.5H20. The tube 
was placed in the block digester (Tecator Inc., Herndon, VA) and heated 
cautiously at 185°C until frothing (approximately 155 min), and the tube was 
removed and allowed to cool down to room temperature. After cooling, the digest 
was treated with 1.1 g of salt catalyst mixture (100 g K2SQ4, 10 g CuSQ4.5H2 
and 1 g Se). The tube was placed in the aluminum block digester preheated at 
300°C and digested for 60 min past the time of clearing (approximately 100 min). 
After digestion, the tube was removed and allowed to cool down; distilled water 
was added to adjust the volume to 75 mL and mixed thoroughly. Ammonium-N 
in the digest was determined by steam distillation of an aliquot of the digest (10 
mL) after treatment with 10 mL of 10 M Na OH as described by Bremner (1996). 
For the N use uptake and efficiency, percentage of N recovered by corn 
tops at each rate of N application was calculated from [(A- B)/ C] X 100, where 
A is the mean of N yield of treated soil, B is the mean of the controls, and C the 
rate of N added. 
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RESULTS AND DISCUSSION 
Five biotechnology by-products mixtures were enriched with N to 
formulate organic fertilizers. This study is a timely development due the large 
amounts of by-products generated by several biotechnology and food industries 
in Iowa and across the USA, which have been posing serious environmental 
problems. The results obtain from this experiment and the various analyses 
indicate that N-enriched mixtures formulated from the biotechnology by-
products have significant concentrations of organic N and have potential for use 
as organic N fertilizers (Table 6). The chemical composition of the formulated 
mixtures was: total C ranged from 17.9 to 32.8%, organic N ranged from 8.8 to 
12.0%, NH4+-N ranged from 0.1 to 2.9%, and NOa·-N ranged from 0.1to4.2%. 
The pH values of the mixtures ranged from 6.3 to 8.5. In related studies, Zhu 
and Tabatabai (1995) found that application of these individual biotechnology 
by-products in relatively large amounts increased dry matter yield of corn. In 
another study with these by-products, Martinez and Tabatabai (1997) found that 
a significant proportion of organic C in the by-products was decomposed in soils, 
with half-lives of more resistant pools being< 70 d. For some by-products the 
half-lives of the most resistant pools were between 120 to 240 d. 
The five by-products were selected for formulation of the organic 
fertilizers mainly based on their N contents, and their abilities to produce 
mixtures with favorable textures, colors, and odors. The means of dry matter 
44 
yields are presented in Table 10; and the means of N yields are presented in 
Table 11. The discussion will focus on the dry matter yields and yields of N. 
Dry Matter Yields 
There was a general similarity in dry matter yields at each rate of N 
application, regardless of the N source used. The means of dry matter yields for 
each soil is presented in Tables 10. Statistical analysis for least significant 
difference (LSD) values indicated no significant difference in dry matter yields 
among the different N sources used at each rate of N application. 
Analysis of variance (ANOVA) showed that soils and rate of N application 
significantly affected dry matter yield (Table 12). 
All mixtures at the same rate, regardless of the soil used, produced dry 
matter yields significantly greater than those for the control pots. There was no 
significant difference in dry matter yields among the N sources (mixtures) and 
UAN treated soils. The means of the results obtained from the three greenhouse 
replicates were plotted against the N rates and yields of N. Using the means, a 
quadratic model was used to show the relationships between N rates and the dry 
matter yields (Figs. 1-4.). Regardless of the soil used, and the N source applied, 
dry matter increased sharply from 0 mg to 300 mg N kg·1 and decreased slightly 
from 400 mg N kg·1• Response curves (Figs. 1-3) for all N sources and all three 
soils show that dry matter yields increased with increasing N rate and showing 
optimal yield at 300 mg N kg·1• Selected corn plants for the various treatments 
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Table 10. Means of dry matter yield of corn tops treated with 
N-enriched mixtures of biotechnology by-products 
or VANN fertilizer source 
Dry matter yield for the N source specifieda 
Nrate M-1 M-2 M-3 M-4 M-5 VAN LS Db 
mg pot-1 g pot-1 
Clarion soil 
0 12.6 12.6 12.6 12.6 12.6 12.6 
100 22.8 19.7 22.8 23.6 22.7 24.3 4.6 
200 27.5 27.2 27.5 25.3 25.3 28.5 4.0 
300 28.4 28.3 27.1 27.6 27.8 30.9 4.3 
400 29.0 27.0 30.8 29.2 27.8 30.0 2.6 
500 29.0 27.7 28.1 . 26.9 27.5 28.5 3.9 
Grundy soil 
0 6.7 6.7 6.7 6.7 6.7 6.7 
100 15.8 14.5 16.2 16.4 17.8 17.5 3.2 
200 19.0 19.6 20.2 23.1 21.5 22.9 2.7 
300 22.7 22.1 22.8 22.0 21.6 22.9 5.4 
400 22.0 23.9 23.1 23.1 20.7 21.4 4.9 
500 20.4 20.0 24.0 23.3 21.5 21.9 4.3 
Webster soil 
0 12.3 12.3 12.3 12.3 12.3 12.3 
100 23.1 21.7 19.9 20.3 21.9 23.2 3.9 
200 24.3 28.3 25.7 23.6 26.8 27.6 6.6 
300 28.6 27.8 30.1 27.7 25.7 28.5 3.3 
400 28.5 26.6 29.3 26.0 28.3 26.2 4.7 
500 25.9 26.4 19.1 26.2 26.6 27.2 7.9 
aM = mixture; VAN= urea-ammonium nitrate. 
bLSD = Least significant difference. 
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Table 11. Means of yields of nitrogen of corn tops treated with 
N-enriched mixtures of biotechnology by-products 
or UAN N fertilizer source 
Yield of N for the source SEecified8 
Nrate M-1 M-2 M-3 M-4 M-5 UAN LSDb 
mg pot-1 gpof1 
Clarion soil 
0 86 86 86 86 86 86 
100 167 174 236 136 245 234 161 
200 289 224 202 211 162 240 163 
300 238 236 299 241 203 305 124 
400 298 281 278 326 342 336 129 
500 336 323 280 520 329 404 374 
Grundy soil 
0 53 53 53 53 53 53 
100 99 149 232 110 109 134 78 
200 169 206 185 188 142 203 85 
300 171 184 297 175 225 283 128 
400 153 208 254 222 215 220 127 
500 279 217 242 239 221 263 145 
Webster soil 
0 98 98 98 98 98 98 
100 215 291 190 192 190 198 159 
200 265 292 190 153 196 287 85.0 
300 289 215 239 297 262 319 90.0 
400 278 321 379 309 469 337 302.0 
500 264 319 252 366 363 442 135.0 
a M = mixture; UAN = urea-ammonium nitrate. 
b LSD = Least significant difference. 
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Figure 1. Effect of N-enriched mixtures (M) of biotechnology-byproducts or 
VAN on total dry matter yield of corn tops grown on Clarion soil. 
Solid circles represent the means of the three replicates. 
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Figure 2. Effect of N-enriched mixtures (M) of biotechnology-byproducts or 
VAN on total dry matter yield of corn tops grown on Grundy soil. 
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Figure 3. Effect of N-enriched mixtures (M) of biotechnology-byproducts or 
VAN on total dry matter yield of corn tops grown on Webster soil. 
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are shown in figs. 5-11. 
Yields of Nitrogen 
The mean values of yields of N obtained for corn tops are presented in 
Table 11. Yields of N were obtained by multiplying dry matter yield and N 
concentration in the harvested corn tops. Generally, the N concentration 
increased with increasing N application rates. There was some variability, 
however, among replicates of the same treatment compared with those obtained 
by Alromian (1999). Response curve (Figs. 12-14) showed increased N uptake 
with increasing N, fitting either linear or quadratic equation. There was no 
significant difference among N uptake from the N sources and that from UAN. 
The increase in N concentration as the rate of N application increased, indicated 
that the plants accumulated N as luxury consumption, because dry matter yields 
leveled off at 300 mg N kg-1 (Figs 1-3). Other studies have documented similar 
results when biotechnology by-products were used directly as sources of N, the 
optimal concentration was, however, at 150 mg N pot-1 (Zhu et al., 1995). 
ANOVA indicated that soils and rate of N application significantly affected yield 
of N (Table 12). 
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Figure 11. Effect of rate of N-enriched mixtures of biotechnology by-products 
or VAN on yield of nitrogen in corn tops grown on Clarion soil. 
Solid circles represent the means of the three replicates 
69 
500 M-1 0 M-2 
400 0 




200 0 0 0 
100 Y= 93.571 + o.0874X - o.ooo8X2 0 Y~6.536 + 0.661X - 0.0005X2 
R2 =0.883 R2 =0.970 
0 
,-... ..... M-3 • ~ 500 M-4 0 
~ 
t:l.O 0 s 400 0 0 '--" 
~ 
Q) 0 • 0 t:l.O 0 0 300 • 0 0 ~ ...,;> 0 0 ....... 
~ 0 ........ 200 • 0 0 0 0 ""tj ........ 0 0 0 Q) 
Y0= 103.18 + o.961X - o.0012x2 Y = 99.893 + 0.119X- 0.0013X2 
....... 100 ~ 
~ R2 =LOO R2 = 0.97 0 
500 M-5 UAN 
0 0 400 0 • 0 0 
300 0 0 • i 0 0 200 0 
0 
100 0 Y = 108.s9o + o.834X. o.ooosx2 Y = 118.179+ 0.423X 
~ R2 = 0.70 ~ R2 = 0.940 0 
0 100 200 300 400 500 0 100 200 300 400 500 
N rate (mg pot ·1) 
70 
Figure 12. Effect of rate of N-enriched mixtures of biotechnology by-products 
or UAN on yield of nitrogen in corn tops grown on Grundy soil. 
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Figure 13. Effect of rate of N-enriched mixtures of biotechnology by-products 
or UAN on yield of nitrogen in corn tops grown on Webster soil. 
Solid circles represent the means of the three replicates 
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Recovery of Nitrogen by Corn Tops 
As shown in Table 13, all N applied to the pots in this experiment was not 
taken up by plants. This is due to several physical, chemical and biochemical 
processes, such as ammonium volatilization, denitrification, immobilization by 
microorganisms, and fixation by soils constituents. Calculation of N recovery by 
corn tops showed that, in general, the percentage mean recovery decreased as 
the rate of application increased from 100 to 500 mg N kg·1 soil (Table 13). In 
general, at 100 mg N kg·1 soil, the recovery of N by plants exceeded 100%. This 
is perhaps due to either a priming effect (Jansson and Persson, 1982 ), 
experimental errors or both. The individual values for the replicates are shown 
in Table 15 , Appendix. In open fields, there would be leaching and run off, but 
in greenhouse pot experiments, such losses are decreased. The lower 
percentages N recovered with increasing N application are due to the excess N 
applied, as shown in Figs. 1-4, where N rates at 400 and 500 mg N kg·1 soil did 
not results in increasing dry matter yields. ANOV A indicated that only rate of 
N application affected percentage of N recovered (Table 12). 
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Effect of N Rates and Sources on Soil pH Values After Harvest 
Comparison of the initial pH values of the three soils and those obtained 
for the soils after corn harvest (Tables 7 and 14) showed that the pH values were 
not markedly affected by the rates or sources of N used. The individual value for 
the soil in each pot is shown in Table 15, Appendix. 
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Figure 14. Relationship between means of dry matter yields and yields of 
Nin corn tops grown on Clarion soil treated with N-enriched 
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Figure 15. Relationship between means of dry matter yields and yields of 
Nin corn tops grown on Grundy soil treated with N-enriched 
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Figure 16. Relationship between means of dry matter yields and yields of 
Nin corn tops grown on Webster soil treated with N-enriched 
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Table 13. Means of percentages of N recovered in corn tops after harvest 
N recovered from source SEecified 
Nrate M-1 M-2 M-3 M-4 M-5 UAN LSDb 
mg pot-1 % 
Clarion soil 
100 81.9 89.3 150.1 51.3 159.5 148.7 77.7 
200 102.2 69.8 58.7 62.9 38.7 77.4 42.3 
300 51.0 50.3 71.3 51.9 39.5 73.5 42.9 
400 53.3 49.1 48.3 60.2 64.3 68.2 31.7 
500 50.3 47.5 39.0 87.0 48.7 63.9 30.1 
Grundy soil 
100 46.2 96.2 179.5 56.6 55.6 87.1 161.2 
200 58.0 76.7 65.7 67.7 44.6 75.3 81.4 
300 39.5 43.6 81.1 40.8 57.3 76.3 41.2 
400 25.0 38.7 50.3 42.2 40.4 41.7 32.2 
500 45.1 32.8 37.7 44.0 33.5 41.9 74.9 
Webster soil 
100 117.2 193.5 92.0 94.4 92.7 100.1 159.1 
200 84.0 97.1 46.1 27.9 49.2 95.0 42.9 
300 63.8 39.1 47.2 66.6 54.9 73.8 30.1 
400 45.0 55.8 70.3 52.9 93.0 59.9 75.7 
500 33.4 44.4 31.0 53.6 53.1 68.9 27.0 
a M = mixture; UAN = urea-ammonium nitrate. 
b LSD= Least significant difference. 
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Table 14. pH values of the soils after corn tops harvest as afffected by 
different rates and N sources 
EH values of soils treated with N sources SEecified a 
Nrate M-1 M-2 M-3 M-4 M-5 UAN 
mg pot-1 
Clarion soil 
0 6.0 (5.5) 6.0 (5.5) 6.0 (5.5) 6.0 (5.5) 6.0 (5.5) 6.0 (5.5) 
100 5.9 (5.5) 5.9 (5.4) 5.9 (5.4) 6.1 (5.6) 6.0 (5.4) 5.9 (5.3) 
200 5.9 (5.5) 6.0 (5.3) 5.9 (5.4) 6.2 (5.6) 6.1 (5.5) 5.9 (5.3) 
300 5.9 (5.4) 6.0 (5.4) 6.0 (5.5) 6.0 (5.5) 6.1 (5.6) 5.9 (5.3) 
400 6.0 (5.4) 5.9 (5.3) 5.9 (5.3) 6.0 (5.5) 5.9 (5.5) 6.0 (5.3) 
500 5.9 (5.4) 6.0 (5.5) 5.9 (5.4) 5.8 (5.5) 5.9 (5.5) 5.4 (4.9) 
Grundy soil 
0 7.6 (7.1) 7.6 (7.1) 7.6(7.1) 7.6 (7.1) 7.6 (7.1) 7.6 (7.1) 
100 7.6 (7.0) 7.6 (7.0) 7.4 (7.0) 7.4 (6.5) 7.1 (6.5) 7.6 (7.1) 
200 7.5 (7.0) 7.4 (7.0) 7.4 (6.9) 7.4 (7.0) 7.5 (7.0) 7.4 (6.9) 
300 7.5 (7.0) 7.4 (7.0) 7.3 (6.9) 7.4 (7.1) 7.4(7.1) 7.1 (7.0) 
400 7.5 (7.0) 7.4 (7.0) 7.3 (6.8) 7.4 (7.0) 7.6 (7.0) 7.3 (7.0) 
500 7.6 (7.1) 7.6 (7.2) 7.5 (7.0) 7.3 (7.1) 7.4 (7.1) 7.3 (6. 7) 
Webster soil 
0 5.8 (5.3) 5.8 (5.3) 5.8 (5.3) 5.8 (5.3) 5.8 (5.3) 5.8 (5.3) 
100 5.8 (5.3) 5.9 (5.3) 5.8 (5.3) 5.8 (5.3) 5.9 (5.3) 5.8 (5.2) 
200 5.6 (5.1) 5.8 (5.3) 5.8 (5.3) 5.8 (5.4) 5.8 (5.3) 5.9 (5.2) 
300 5.8 (5.2) 5.8 (5.3) 5.8 (5.3) 5.8 (5.3) 5.8 (5.3) 6.0 (5.1) 
400 5.8 (5.2) 5.9 (5.3) 5.6 (5.2) 6.0 (5.3) 5.7 (5.3) 5.9 (5.3) 
500 5.8 (5.3) 5.9 (5.2) 5.5 (5.2) 5.9 (5.3) 5.6 (5.2) 5.6 (5.0) 
a For N sources see Table 6. Values in parentheses are for CaC12 
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Summary and Conclusions 
Over the past decades, growing concerns about nitrate contamination 
from agricultural practices present an urgent need for reevaluation and 
management of the use of N fertilizers. Also, millions of tons of biotechnology 
byproducts generated yearly by biotechnology industries are disposed in 
municipal-waste treatment systems and landfills. These materials pose serious 
problems to the environment and human health, but have potential for use as 
soil amendments and, with some treatments, they can be used as organic N 
fertilizers. In this study, I prepared various mixtures of several biotechnology 
by-products enriched with urea or ammonium nitrate. The mixtures were 
incubated at 30°C for two weeks to convert the inorganic N to organic N. Five N-
enriched mixtures were tested at five rates as sources of N for corn under 
greenhouse conditions by using three soils (Clarion, Grundy, and Webster). The 
results obtained were compared with those obtained with UAN. Results showed 
that treatment of soils with the N-enriched mixtures produced similar dry 
matter yields and N yield as those produced when the soils were treated with 
VAN; there was no significant difference among the mixtures in either dry 
matter yield or yield of N. It is concluded that formulation of nutrient-enriched 
mixtures of organic fertilizer containing biotechnology by-products is possible. 
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